Abstract. We report results of a seismic, gravity, and magnetic survey of the Reykjanes Ridge spreading center at 61ø-62øN, about 600 km from the center of the Iceland mantle plume. Anomalously shallow water on the ridge crest enabled us to record seismic refractions on a 2.4 km hydrophone streamer. The velocity within layer 2A is 2.4 + 0.3 kms -1 and its mean thickness is 400 + 100 m The velocity at 
Although originally defined as the shallow, highly magnetized layer of the oceanic crust [Talwani et al., 1971] , "layer 2A" is now generally used as a seismological term [Houtz and Ewing, 1976 We identified txvo distinct refracted phases from the uppermost igneous crust on the ridge axis from shot gathers recorded on the 2.4 km. 48-channel hydrophone streamer. Neither of these two first-arrival phases displayed the concave curvature that would be expected A weak first-arrival phase asymptotic to the seabed reflection, interpreted as the seafloor refraction (Figure 2a) , was observed sparsely through the data set. We attribute the rarity of this phase to the highly fractured, vesicular and unconsolidated nature of the young volcanic rocks on the ridge axis, which causes the refraction to be highly attenuated.
Where the water depth was less than •1200 m, we frequently observed a strong refracted phase as a first arrival on up to 20 of the farthest offset traces (Figure 2) . This phase was not tangential to the seabed reflection phase, so was not a refraction which had traveled immediately below the seabed. A continuous velocity gradient from the seafloor downward, as assumed by Ewing and Purdy [1982] for the uppermost oceanic crust, would not produce the two distinct refracted phases that we observe; there must be a discontinuity in the velocity gradient or a first-order velocity step to produce two phases with distinct apparent velocities.
There is no continuous reflector in the stacked multichannel seismic (MCS) data at the depth that has been interpreted as the base of layer 2A from the refraction data, although there are hints of events coinciding with the expected horizon [Smallwood, 1997] We attribute these low igneous velocities of 2. It might be expected that the seafloor reftaction velocity would increase as the crust ages [Grevemeyer and Weigel, 1996] . However, we find all the seafloor velocities to be the same within their error bounds. One possible explanation is that although newly erupted volcanics may be at their maximum vesicular porosity, subsequent tectonic disruption of the volcanic section may increase the bulk porosity or introduce other types of fractures, decreasing the seismic velocity. Another possible explanation for the absence of a significant increase in layer 2A velocity with age is that the rise of the seafloor velocity off-axis may be initiated by the sedimentary sealing of the crustal hydrothermal circulation system [Rohr, 1994] . In our area, significant sediment accumulation is present only on crust older than 1.2 Ma, while our streamer refraction data were only obtained from crust younger than 1.2 Ma.
A Refraction Model of Layer 2A
For modeling purposes we assumed that the base of layer 2A was locally parallel to the seafloor and assigned the mean determined velocity of 2.45 kms -• to layer The errors given axe lcr. The mean layer 2A thicknesses are identical within uncertainty, whereas the base 2A refraction velocity is higher off the ridge axis. although in both cases the spatial mean may be slightly larger than our observations since refractions from beneath a thicker layer 2A are less likely to be observed on NE   ,  I  •  I  ,  I  ,  I  ,  I  ,  I  ,  I  ,  I  ,  I We here model just the zero age profile, along the spreading axis (CAM 71), thus avoiding complications due to the magnetic anomaly caused by magnetic reversals, by age-related changes in remanent and induced magnetization, by variations in spreading history, and by the detailed geometry of crustal accretion. The CAMH in the CD70 area shows large-amplitude variations along strike, which are likely to be at least partly due to variations in the source layer thickness.
If the magnetic layer is assumed to have a constant thickness of 400 m and a constant magnetization, the predicted magnetic anomaly does not match the observed anomaly (Figure 5a ). Therefore there must be a variation in layer thickness and/or magnetization to Tests with constant layer-thickness models suggested that the three dimensionality of the seafloor topography could affect the magnetization solution by up to--,10 %.
Given these possible effects of three-dimensionality in the structure, and the uncertainties in the layer 2A thickness, further refinement of the magnetisation distribution model would have rather limited value. In this model we did not include any annihilator (a magnetization distribution that produces no external field), as for this along-axis line the technique of adding annihilator to balance magnetization amplitudes at known reversal boundaries could not be applied. Instead, the magnetization solution was offset by a DC level to minimize the misfit in the field. The solution we present in Figure 5c is not the only magnetization distribution that could fit the data, as magnetic inversion is inherently nonunique, although it perhaps represents the most plausible situation.
The areas of enhanced magnetization correspond to the points at which the current volcanic systems identified from backscatter data in the neovolcanic axis (Figure 1) intersect CAM 71 (arrows, Figure 5c 
Crustal Wide-Angle Seismic Data
We modeled the crustal structure along the four seismic profiles using data recorded on five DOBHs and five disposable sonobuoys. Crustal models were con- 
Gravity Modeling
The mean velocities for each layer of the crust in our seismic models were converted to densities using Carlson and Herrick's [1990] relationships, except for layer 2A, where the velocities fall well beneath the region to reasonable changes in the mantle thermal parameters' a 10% change in any of these parameters only changes the gravity curve by a few milliGals over 60 kin. Along and parallel to the ridge axis the gravity field shows only minor variations within the survey area (Figure I inset) . Although the crustal thickness is only constrained seismically in the center of the seismic lines, the fit to the gravity data supports the assumption of a constant thickness crust parallel to the ridge axis. The residual mantle bouguer gravity anomaly along the Reykjanes Ridge does not show the "bull's eye" pattern reported from some other slow spreading ridges but has a smooth character. An explanation for the absence of along-axis crustal thickness variations is that the anomalously large thickness of oceanic crust causes the lower section to lie in the ductile regime; thus any crustal thickness variations that would otherwise be frozen in at the spreading center are removed by lower crustal flow [Bell and Buck, 1992] .
The isostatic balance (Figures 10b and 10d In conclusion, the gravity modeling provides support for the across-axis crustal thickness variation postulated from the seismic modeling, does not require crustal thickness variations parallel to the ridge axis and suggests that the axial high is supported isostatically. We therefore suggest that seismically measured layer 2A is coincident with the extrusive layer on the youngest oceanic crust.
The crustal velocity structure at 61ø-62øN on the Reykjanes Ridge is generally typical of oceanic crust, although the crust is anomalously thick, which we attribute to the presence of anomalously hot asthenospheric mantle beneath the spreading center. Upper crustal velocities increase with crustal age, which we attribute to precipitation of hydrothermal minerals in the pore-space. Lower velocities on the ridge axis than in 5 Ma crust, particularly in the lower crust, are attributed to higher axial crustal temperatures: there is no evidence for a crustal melt body in the CD70 area.
